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ARAHAN KEPADA CALON:
Please ensure that this paper contains ELEYEN OII printed pages and FOUR (0 questions
before you begin examirntion.
Sila pastikan bahawa kertas peperiksaan ini mengandungi SEBELAS (ll) mukasurat
bercetak dan EMPAT (4) soalan sebelum anda memulakan peperiksaan ini.
Answer ALL questions.
All questions carry the same marks.
Jawab SEMUA soalan.
Semua soalan membawa jumlah markah yang sannl
Student may answer the question in English.
Pelajar boleh menjawab soalan dalam Bahasa Inggeris.
Setiap soalan mestilah dimulakan pada mukasurat yang baru.
Each questions must beginfrom a new page.
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l- Given a helicopter with weight of 1300 kg. Helicopter is in hover flight condition
above sea level. Data ofthe main rotor is given as:
Di berikan suatu helikopter dengan berat I300 Kg. Helikopter terbang hover di atas
permukaan laut. Data rotor utama diberikan sebagai:
- Blade radius of main rotor Rs :3 m
Jejari bilah rotor utama Rn : 3 m
- Number of blade Ne:3
Jumlah bilah Nt = j
- Tip velocity of main rotor (C)R") : ZOO m/sec
_Kelajuonpada 
tip rotor utama (On") : 20-0 m/saat
Data tail rotor:
Data rotor ekor :
- Blade radius of tail rotor Rgt : I mjejari bilah ekar Rm : I m
- Number of blade Nst:2
Jumlah bilah Nu,: 2
- Tip velocity of the tail rotor : lZ0 m/sec
Kelajuon pada tip tail rotor (On") : 120 m/soat
The average drag coefficient Cdo :0.0012. Assume that the air densiW o: | .225 Kg, Acceleration of earth gravitation g = I 0 m/sec2 , Distance
between main rotor axis to tail rotor axis Lr : 6 m.
Purata Pemalar daya seret bitah ca : 0.0012 Anggap ketumpatan jisim p :
L225 Kg/m3, pecutan gravitasi bumi I0 m/soof.-jarak or'toro iaui 6iun
utama don bilah ekor Lr : 6 m
'.
Using a momentum method , Determine :
Dengan menggunakan kaedah momentum Tentukan :
(a) Thrust coefficient of the main rotor.





Hover induced velocity ofthe main rotor
Haloju imbas hover robr utama
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(c) Induced velocity of the tail rotor
Halaju imbas rotor ekor
(d) Total power required for hover (summation from the main rotor and tail rotor
Jumlah tenoga yang diperlukan untuk hover ( penjumlahan dari rotor utamsdon rotor ekor )
(e) If the actual induced power is given ur, (co,).o :1.15 (#,catculate
the figure ofrnerit of this rotor system.
Jika tenaga imbas yang sebenqr di berikan sebagai, (C, )."
hitung " 
-/igure of merit,, dqri sistem rotor tersebut
=r.r5c#,
(D If the helicopter crimb with speed of 20 m/sec, determine the induce verocitieson the main and tail rotor and arso the power required by hericopter to crimb.




2. Given a helicopter with weight of 1300 kg. Helicopter is at a horizontatly forward
flight horizontally at speed of 60 m./sec. The rotor rotational plane with respect to the
incoming air velocity makes an angle o: 50 .
Di berikan suotu helikopter dengan berat I300 kg. Helikopter terbang ke arah depon
secQra mendatar dengan hqlaiu 60m/saat. Bidong putar rotor terhadap aliran udara
datang membentuk sudut 5' .
The main rotor blade data is given as :
Data bilah rotor utomo sebagai berikut :
Blade radius of main rotor Rs = 3 m
Jejari biloh rotor utomo Rn : 3 m
Number of blade Ns:2
Jumlah biloh Na: 2
Tip velocity of main rotor (C)R") = 200 m/sec
Halaju pada tip rotor utama (Cm.") : 200 m/saat
Assume that a helicopter is flying above sea level and the required power is only to
drive the main rotor. The average drag coefficient on the blade Cao :0.0012
Anggap helikapter sedang terbang di atas permukaan laut dan terugayang
diperlukan dianggap untuk rotor utama sahaja. Purata pemalar daya seret
bilah Cao :0.0012
Using Momentum Theory and the use ofNetwon Raphson Method, determine :
Dengan menggunakan kaedqh teori nnmentum dan cara perryelesaion dibantu
dengan kaedah Newton-Rapluon, tentukan :
(a) lnduce velocity (use iteration with maximum no more than 3 iterations )
Halaju imbas (gunakan proses iterasi tidqk melebihi tiga kali iterasi )
(b) The required power for forward flight at speed of 60 m/sec.






(c) If.thehelicopter i:st^e{ onry flying forward flight at speed of 60 m/sec, it arsoclimbing at speed of l0 m/sec. DeLrmine the iiduce vetocity and the requiredpower for this flight condition.
Jika lelikopter ini merokukan terbang kedepan dengan haraju yang samct(60m/g dan juga terbong meronjak a"rron'totoiu |6 ars rinirri na"i,imbas dan tenaga yang diperlukon untuh"kandisi ierbaong ini.
(d) If this helicopter in h_over flight, determine the induced velocity and theinduced power coefficient iithe tip losses are taken in considenations.
Jika helikapter ini sedang merokukan terbang hover, tentukon berapakecepatan imbos dy neyarar telnga imbas-pada wahu hover bitafaktor




3. (a) The blade element theory provide the formulation for the differential of thrust
coefficient which can be written as :
Teori Elemen biloh memberikan rumusan perbezaan pemalar daya tujah dC7










If the lift coefficient cz can be approximated as :





The local lift coefficient
Pekali daya angkat local
Distance of blade element to the axis of rotation
Jarak element bilah ke paksi pusingan
Blade radius
Jejari bilah








)" : Inflo ratio
Nisbah w inflow
: Gradient of airfoil lift coefficient curve
Kecerunan kurva pemalar angkat airfoil
: Blade pitch angle
Sudut pitch biloh
The zero lift angle of attack
Sudut serang pada daya angkat sifar






with assumption that the inflow ratio is uniform arong brade span, determine :Dengan anggapan nisbah in/Iow serogam di sepanjaig niii,' t"rrtuno, ,
Thrust coefrcient cr if the brade has a constant pitch distributiong(r) 
= 00,
Pelr1li daya tujah c7 untuk bilah dengan distribusi pitch bitoh marar0(r) :00,
Thrust coefficient cr if the brade has a rinear pitch distribution
e(.) :0o * 0r,r
Pe!1li daya tuiah cruntuk bilah dengan distribusi pitch birah rinear0(r) =00 * 0r,r
I:: : t:::: !:l*opter weight r 500 hg in verticat acceteration Jtight ,ru$ a mam rotor data as follows : blade radius Rs : 4 m, tip speed
velocity (On") 
- 200 m/sec. , Number of btade 4 and chord tength
cmerage : 0.3 m. The average drag cofficient Cao : 0.0012 and
other aerodynamics airfoil charrctiristics : cro = 0:104/deg and
an = -2.f . The linear pitch distrihution is given by :
...8/-
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of+l :200 - ls f]L) . Determine rhe thrusr and thetR"/ [R"l
required of power coeficiew for that flight condition in above sea
Ievel. TTre required energ/ coeficient Cp i,, obtained from
intergration:
dc^ = {I[l (oc, + coo) r, dr
--p 2lz R" J \
Untuk satu helikopter dengan berat 1500 Kg, sedang terbang dipecut
dalam arah vertikal dengan rotor utama mempunyai jejari bilah Rs :
4 m , halaju tip (OR" ) :200 m/s. Jumlah bilah 4 dan purata
perentas c:0.3 m
Purata pekali daya seret Coo : 0.0012, Ciri ciri aerodinamik airfoil :
G/o = 0.104/deg dan co : -2.00
Dan distribusi sudut pitch bilah linear sebagai :r\/\
el : | : roo - ls | : l, tentukan nilai daya tujah dan tenaga
r.R" / tR" /'
yang diperlukan untuk helikopter pada kondisi terbang tersebut di
atas paras laut. Pekali tenaga Cp yang diperlukan didapati dari
integrasi :
dco = +f+l (,D", * coo) r' dr
' 2LrR"J' 'I
(20 markslmar*ah)
(b) Explain the basic concept of combination Momentum Theory and Blade
Element Method in the helicopter aerodynamics analysis thin airfoil in solving
aerodynamic problem.
Terongkan konsep dssar kombinasi knedah teori momentum dan elemen
biloh dalam arnlis helikopter aerodfuamik kerajang udara nipis dalam





4. (a)' Figure 4'l shows forces acting on one of rotor blade helicopter with respectto flapping hinge point





Figure 4.1 Forces diagram on the brade with respect to the flapping
hinge point.
Rojoh 4.1 Diagram doya pada biloh terhadap flapping hinge point,
Where/Di mena :
Fcr : Centrifugal force
Daya centrifugal
Length of small element blade
Panjang elemen bitah kecil
Rotor rotational speed
Halaju pusingan rotor
Blade mass per unit length















with assumption that the conning angre p is smail, shows that
with respect to hinge point can be written'as :








ooPo - ------l--- -;
m R (oR)'
(10 marks/ markoh)
Figure 4.2 shows fo*:l diagram acting on one of rotor blade helicopter with
respect to the lead lag hinge point.









: Length of small element blade
Panjong elemen bilah kecil





Blade mass per unit length







With assumption that e : 0 shows that the equilibrium with respect to the
lead/lag hinge point, the lag angle 16 can be written as :
Dengan anggapan bahawa e : 0 tunjukkan bahawa pada kondisi
keseimbangan terhadap "lead lag hinge point ", sudut lag 





Fn .' Tlre resultant of aerodynamics force on the blade which is located at a
distance yp
Daya aerodynamik resultan bilah yang terletak pada jarak yp
(10 marks/rzarhoh)
(c) Explain why in the helicopter aerodynamics analysis required the airfoil
aerodynamics data from angle of attack o = 900 to a = +900.
Terangkon mengapa dalam aerodinamik analisis helikopter memerlukan
data aerodinamik airfoil dari sudut serong a : - 900 sompai dengan a : +9d
(5 marks/rzarkah)
m
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